Optical character recognition of Arabic language is a field of research that is socially very relevant and challenging. The social relevance lies on the fact that OCR is very important for many applications that need character recognition of images. Our system is Egyptian ID cards reader system which extracts important data from the ID card image, recognizes data and translates it into editable text on computer so it can be edited and saved. Then, the system can compare between a tested ID card and the database saved before. This paper extensively reviews the base line-based segmentation and DCT based feature extractor approaches used for building this special Arabic OCR system. It also reports the experimental results obtained so far showing the reliability of our system. Finally, we'll show thatthe system works fast on the scientific Matlab library, as it needs about 16 seconds in average to process one ID card, and the system is expected to do better performance when transferring it from the academic phase to the product phase.
INTRODUCTION
Humans recognize characters easily and they repeat the character recognition process thousands of times every day as they read papers or books [1] . Though, after many years of serious investigation and research, the ultimate goal of developing an optical character recognition (OCR) system, with the same interpretation capabilities as humans, still remains unachieved. One of the main objectives of an OCR is to reach a speed of 5 characters/second with a 99.9% recognition rate, with no errors. The OCR is the electronic translation of scanned images of typewritten, printed text, or handwritten, into electronic mechanism encoded text [2]- [5] . OCR allows the machine automatically to recognize characters in an image and translate them into computer textual format by applying machine learning mechanism. Therefore, development of the OCR systems is a very significant field of research in pattern recognition [9] , [10] . Different OCR engines allow the machine to automatically recognize characters in an image and translate them into computer textual format by applying machine learning mechanism. This improves human-machine interaction and is widely used in many areas [6] , [9] . Here's a general (OCR) DFD diagram, as shown in Fig. 1 . TABLE I  THE DIFFERENT FORMS OF ARABIC ALPHABETS 2) The Dotted Challenge: Dotting is widely used to distinguish letters sharing similar graphemes. Fig.3 . shows example sets of dotting/un-dotting graphemes, it is clear that the digital variations between the elements of the same set are small. Whether the dots are separated before the recognition process, or recognition features are produced from the dotted script, dotting is a significant source of confusion, and recognition errors in Arabic OCR systems can be occurred.
Figure 3: Example sets of dotting-differentiated graphemes
3) Multiple Grapheme Cases Challenge : Due to the variety of connectivity in Arabic orthography; the same grapheme representing the same character can have many shape according to its position within the Arabic word segment (opening, Middle, Ending, Separate) as exemplified by the 4 variants of the Arabic letter ‫"ع"‬ shown in bold in Fig. 4 . 
4) Character's Size Variation Challenge:
The Arabic graphemes have variable height and/or variable width. Furthermore, different nominal sizes -of the same font-do not scale linearly with their actual line heights. At this point, many challenges have been illustrated in the Arabic script characteristics, in the next section; the algorithm of the proposed OCR system will be introduced.
SYSTEM OVERVIEW
The data acquisition system consists of a simple wooden structure scanning model. This model has a special place for the mobile and another one for the ID card, the image is captured with a 5 megapixel resolution camera of an Android mobile and the captured images' resolution is 72 dpi. Using this simple scanning process, images of front and back sides of the ID card are captured by mobile, and then the captured images are sent automatically to the computer by Android service installed in such mobile. The captured image is then passed and processed via the system's software (Matlab library) and the results will be outputted through simple Graphical User Interface (GUI) which contains all the recognized available ID data. The following sections discuss the methodology of the proposed OCR system in details. Fig.5 shows simple block diagram of the proposed system. Next subsections will explain the related algorithm and the main steps,
Figure 5: The Proposed Arabic OCR Block Diagram
A. OCR Algorithm The proposed OCR system consists of 4 main steps which will be introduced within the following subsections.
1) Image Acquisition:
As illustrated before, we capture an image of the ID card with an android mobile with 5 Megapixel resolution camera, the captured image is 72 ppi (pixel per inch).
2) Preprocessing and Edge Detection:
Preprocessing is a very important and main step in image processing, as scanned images are usually displayed in gray scale or color and also they suffer from noise, varying spaces between letters, varying spaces between lines and other image problems. Noise removal and edge detection are the two most important steps in processing any digital images to improve the information in the picture so that it can be easily understood by man and to make it suitable and readable for any machine working on those images. So, some preprocessing steps are performed on the image.
Firstly, in the step of thresholding and binarization, the gray image is converted to a 'binary' image. We mean by binary that the image is presented by black and white pixels only. This helps us to work more efficiently on the image than in the gray or the colored form. Binarization is achieved through the process of thresholding, in which a 'threshold' value is chosen and any pixel with a value greater (or less) than this value is converted to a text (or background) pixel. That is, its value is made either 0 or 255.
Noise is the unnecessary information that exists in the image which may has been inadvertently introduced. This may occur because of inefficient input devices used. To remove the noise which may affect the performance of the system, filters are used. So firstly, the "median filter" is used as an example of a non-linear spatial filter, (recall that the median of a set is the middle value when they are sorted), which is used to remove the salt and pepper noise from the card image. Finally, remove the undesired borders by clipping it. Edge detection is a very important step because the edge is one the important and basic features of an image. If the edges of an image are identified correctly, some essential properties such as region, border and outline can be calculated. Edge detection can play a meaning role in different fields such as image segmentation, recognition and image analysis. Many classical edge detectors have been developed over time. However, classical edge detectors usually fail to handle images with strong noises [7] , [10] , [11] .
Mathematical theory and morphology can be used to process and analyze such images. In the morphology theory, images are treated as sets, and morphological transformations are employed to extract features of images [9] . Then, morphological filters are applied to enhance image quality in order to extract useful information about the geometrical structure and accomplish the goal of preserving features while removing noise. So, this algorithm will be applied in the phase of card recognition.
The structuring element is considered to be the building block of the dilation (expanding features) and erosion (shrinking features) processes and, by the way, it is the mainly constructing element of the morphological image processing, it is symbolized by matrix of 0s and 1s, sometimes it is convenient to show only the 1's. The origin of the structuring element must be identified. It could have any shape but its size must be smaller than the original image's size. Fig.6 . shows some shapes of structuring elements [12] [13] . 
Figure 7: Line and rectangle structuring elements
Dilation is processes that produce objects in binary images controlled by a form referred to as a structuring component. Dilation of original image (A) by structuring element (B) means that for each point x belongs to B, we translate A by those coordinates, and then we take union of these translations, as shown in the following equation [15] .
The above equation denotes the dilation of A by B is the set consisting of all the structuring part source locations where the reflected and translated B overlaps at least some portion of A. Such translation of the structuring element in dilation is similar to the mechanics of spatial convolution. Erosion is an operation that thins or shrinks objects in binary images controlled by a shape referred to as a structuring element. Erosion of original image (A) by structuring element (B) means that the output image has a value of '1' at each location of the origin of (B), such that the element only overlaps 1-valued pixels of (A) [15] .
The above equation denotes that the erosion of A by B is the set of all structuring element origin locations where the translated B has no overlap with the background of A.
3) Feature Extraction Module:
Features extraction is very important feature in accomplishing good recognition performance in pattern recognition systems. It has been defined as the process of extracting information that is mostly useful for the purpose of classification from the raw data, as it involves simplifying the amount of resources required to describe a large set of data accurately, so it is considered to be a special form of dimensionality reduction. When the input data to an algorithm is too large to be processed and it is suspected to be notoriously redundant, the input data can be transformed into a reduced representation set of features (named feature vector). So transforming the input data into set of features is called the feature extraction. Discrete Cosine Transform (DCT) is one of the most popular techniques used in feature extraction [9] , [10] , [14] . In particular, a DCT is a Fourier-related transform like to Discrete Fourier Transform (DFT), but DCT is more capable in data reduction as it stores nearly all of image details in few coefficients as shown in Fig. 8 .
Figure 8: Energy distributions in different transforms
The proposed solution uses mathematical tool of the Discrete Cosine Transform DCT. Such DCT-based feature extractor is used in image processing, especially for lossy data compression, because it is capable of packing the energy of spatial sequence into few coefficients as possible so it has strong energy compaction property. So, a larger number of coefficients get wiped and great bit savings for the same loss.
Two Dimensional -DCT is applied to the whole image [9] - [10] , then most of signal information tends to be concentrated in a few low-frequency components and approximately most of the important data and details of the image are then allocated at the upper left corner of the image, as shown in Fig.9 .
Figure 9: The frequency distribution of two dimensional-DCT
Eye is most sensitive to low frequency components (upper left corner), so Zig-Zag scanning method is used to group low frequency coefficients in top of a vector with a certain technique, as shown in Fig. 10 . After applying Zigzag scan, a vector of 20 elements is created for each model in the training set; this vector is the feature vector that will be used later in the next stage of classification and decision making. 
4) Classification and Decision Making:
The main role of the classifier is to compare the feature vector of each block of data segmented from ID card with the previously built model of the training set, and then provide the system with information about the nearest neighbor to this block of data and the Euclidean distance between them. The Euclidean distance between any 2 vectors (q and p-each one of them has (n) elements) can be calculated according to the following formula:
where, "q" and "p" are two feature vectors with size (n) equals 20 elements.
B. ID Recognition Algorithm Steps
First, the preprocessing steps are applied on the whole ID card except the erosion step, after performing dialation or filling operation the result will be displayed as shown in Fig. 11 .
Figure 11: ID card after Dilation Process
Then, the wanted data is detected and then the areas of the data are segmented with rectangular frames, each type of data is sent to its specified function. There are two types of algorithms depending on the data types, an algorithm for numbers like ID National number, release date and expiry date of the ID cards and the other for words which is specified for all other types of data. The data types are (First Name & Last Name -Address -ID National number -Job -Job Address -Religion & Type & Marital status -Husband name -Expiry date& Release date). A training data set, containing all forms of Arabic language alphabets, numbers from (0-9) and some characters like ( / , -), is passed to the words, function and number's function respectively.
1) Numbers Function's Algorithm:
A training data set containing all numbers from (0-9) is passed to this function, and also some characters like (/, -). Firstly, we get the feature vectors for the numbers (0-9) as a data set, and then we get the feature vectors for the unknown national ID card number which we want to detect its 14 numbers, Fig.12 shows an ID card number example.
Figure 12: ID Card Number Example
The following steps will be used to perform preprocessing: Thresholding and binarization: In this step, the RGB ID number image is converted to a 'gray' image, then to 'binary' one. Noise filtering: the "median filter" is used as an example of a non-linear spatial filter, to remove the salt &pepper noise from the image number. Mathematical morphology (MM): which consists of two main basic operations; Dilation and Erosion, the line (with 0 & 90 degrees) structuring element is more suitable for dilation and erosion operations. Fig. 13 shows ID card number after performing preprocessing steps. Figure 13 : ID card number after performing preprocessing steps Segmentation: Then, by using some functions, the ID number image is divided into 14 segments (regions). Then, for each region (number) we get its properties (area, centriod, bounding box) and by using the bounding box vector, which contains [X min , Y min , width, height] we could detect its boundaries and the image is segmented and be ready for feature extraction stage Fig. 14 shows ID card numbers after segmentation.
Figure 14: Segmented ID card numbers
For each region, which represents one number in the ID number, we get the feature vector and by using our classifier, we get the location of the nearest number to database, also we get the minimum distance between the region feature vector and the other feature vectors in database. According to this minimum Euclidean distance, we can take the right decision. Finally, we have a vector containing the 14 numbers of the National ID Number.
2) Words Function's Algorithm: In these functions, the training data set is containing all forms of Arabic language graphemes. The proposed algorithm for segmentation and detection of Arabic words is starting to get the feature vectors for each Arabic character from the database. Then, three steps are applied to perform preprocessing: (1) Thresholding and binarization; (2) Noise filtering; and (3) Math morphology (Dilation and Erosion). Deskewing to fix the wrongly rotated words: to remove the undesired rotation in the image, rotate the image with many angles, for each angle apply the horizontal projection profiles and find the highest peak, then choose the rotation angle equals to the angle which has the highest peak and rotate the image by it. Deskewing mechanism is showing good performance with the fields that have many words, but showing bad performance with the single word, so for the fields of data that have just one word, like first name field, the deskewing mechanism is deactivated, but for sentences like address or last name, it's useful to activate this mechanism. After the cut area is sent, words segmentation and separation are done by noticing the intra-spaces between words of the sentence, by experiment the number of zeros (space) between words is determined to be 25 zero minimum. Sentence image is vertically projected, by applying vertical projection on image, the vertical projection profile is defined as: P (j) =∑ image(i, j), where p(j) is the vertical projection of the image for column j and the image(i, j) is the pixel value at (i, j). See Fig. 15 . By using this vertical projection, the spaces in the sentence can be located by applying a certain condition on the length of these spaces, so the location of spaces between words in the sentence can be easily recognized, the regions of words are detected and we got segmented words and the words are separated, see Fig.16 .
Figure 16: The words after segmentation
Detecting baseline is one of the main majorities in the preprocessing step of Arabic OCR system, as it can be used for both skew normalization and segmenting the text into words or characters. The baseline detection is very important in Arabic OCR, because it can be used to segment the Arabic text to characters and make the text ready for the feature extraction stage. Also, baseline has been used by most of the OCR systems [12] - [14] .
The horizontal projection method is used by the OCR researchers to detect Arabic baseline, and it works well with the printed text. This method detects the Arabic baseline by reducing the 2D of data to 1D based on the pixels of the text image, and the longest peak after projection will define the baseline range.
The horizontal projection profile is defined as: P(i)=∑ image(i, j),where p(i) is the horizontal projection of the image for row i, and the image( i , j) is the pixel value at (i , j).
Determine the baseline: that depends on the iteration with angle to detect Arabic baseline with the horizontal projection, the highest peak corresponding to our rotation angle is used to determine the baseline, and Fig. 17 shows text after detecting the baseline. 
Figure 18: Character Fragmentation
The classification step starts with the feature vector of the unknown segmented character, by applying the proposed classifier using the Euclidian distance between the unknown character feature vector and all training feature vectors. According to the minimum distance, we can know the nearest character and take the right decision.
3) Gender, Religion and Marital status Function's Algorithm:
To increase the system accuracy, we make a separate function for the standard words in the national ID card like gender, religion, and marital status. Firstly, we get the feature vectors for these standard words as a data base. For religion ‫.')'ﻣﺴﯿﺤﯿﺔ','ﻣﺴﯿﺤﻲ','ﻣﺴﻠﻤﺔ','ﻣﺴﻠﻢ'(‬ For marital status ‫أﻋﺰب'(‬ ‫اﻧﺴﺔ','‬ ‫ارﻣﻞ','ﻣﻄﻠﻘﺔ','ﻣﻄﻠﻖ','ﻣﺘﺰوﺟﺔ','ﻣﺘﺰوج','‬ ‫ارﻣﻠﺔ','‬ ') and for gender ‫اﻧﺜﻲ'(‬ ',' ‫ﻛﺮ‬ ‫ذ‬ '). Then, for the unknown word which we want to know, we apply two steps to perform preprocessing [12] [13] . Thresholding and binarization: In this step, the RGB image is converted to a 'gray' image, then to 'binary' one. Noise filtering: we used the "median filter" as an example of a non-linear spatial filter to remove the salt &pepper noise from the card. Then, we apply the mathematical morphology (MM): which consists of two main basic operations; Dilation and Erosion, we used the line (with 0 & 90 degrees) structuring element as they are more suitable for our dilation and erosion operations. For the decision step, we get the feature vector of the unknown segmented area, by using the proposed classifier we get the minimum Euclidean distance between this feature vector and the feature vectors in the standard words database. According to this minimum Euclidean distance, the right decision can be taken.
EXPERIMENTAL WORK AND RESULTS
This section presents the results obtained, and discusses the limitations and problems which affect the accuracy of the system, and also discusses solutions for some of them. The number of collected ID cards is 40; images are captured by a 5 megapixels camera which takes pictures with resolution 72 ppi. We are ensured to be taken at random and in different environments, as the changes in brightness or source of light or the homogeneity will affect the accuracy, the ideal situation of scanner solves this problem as it provides a homogeneous, fixed distribution of light for all parts of the ID card. For the proposed system, sunny environment provides this homogeneous distribution, so it's chosen to be the default environment for the design, and as we'll see in the following sections, the change of environment is a reason of some bad accuracy, the 40 ID cards are divided into 10 ID cards for training phase and 30 ID cards for testing phase. Table II shows the accuracy of the system for the testing phase before doing corrections. The average time of run for a single card reaches 16 seconds, and the maximum time of run for a single card is 22 seconds. The following sections will discuss some reasons that result in errors at segmentation and words recognition phases, and then we will suggest some solutions to increase system's accuracy.
A. Problems of Segmentation Phase
Segmentation phase is the process of cutting out the important information from the ID card after finishing the preprocessing phase. In case of ID card where the locations of data are almost fixed, so it can be defined easily if segmented information is the first name, last name … etc. But, in some ID cards there are some unusual situations causing errors in segmentation process. The following subsections will illustrate some of these problems noticed from our experimental testing.
1) Wrong locations of information problem:
As previously illustrated, the location of information is almost fixed in different ID cards. Consequently, every segmented data can be defined from its location. But as displayed in Fig. 19 -a, the information in the back of ID card in figure (19-b) is shifted obviously up than any other normal ID card and we can notice that by comparing the location of information in both cards. This problem makes the system detects the job address field in ID card in Fig. (19-b) in the field of job and the religion in the field of job address, and can't define the job, marital status and husband name information, as shown in Fig.19-c. (a) (b) (c)
Figure 19: Results of wrong locations of information
Another problem of wrong located information, cards which don't have expiry date information field for married females, husband name is shifted down and the system segments it as expiry date which causes an error of segmentation . Fig. 20-a shows an ID card with normal husband name location but Fig. 20-b shows a wrong location of husband name in other card. 2) Dilation Process problem : Dilation process is used to fill the spaces between words, so the locations of text can be defined and then the system can define the type of this information, but in some cases, some information fields could be under dilated or over dilated. Under dilation problem would cause partially successful segmentation, and over dilation problem is linking unnecessary information to a necessary one, so the system will be unable to detect the necessary information and considers it missing information.
3) Noisy Information problem:
If there is noisy information in the ID card caused by an error in preprocessing or resulted from under dilated information, as previously illustrated, this noisy information is detected as necessary information which causes missing of the needed information. Table III highlights 374 scanned cards to be segmented, the system successfully segmented 360 fields of information and failed in 14, Table III shows the error rate of each problem previously illustrated. 
B. Problems of Words Recognition Phase
Words recognition process is the process of recognizing characters in an image and translating them into computer textual format by applying the recognition mechanism on the image, various errors happen in the experimental work. The following subsections discuss some common errors noticed in testing phase.
1) Baseline Detection problem:
The first step of baseline detection process is getting the horizontal projection of word image, defining the row that has maximum value in the projection, then defining a range of rows around the row of the maximum value. But, in some testing words, this range is not enough to detect the baseline accurately, and this happens because of different sizes of words in the same field for different ID cards or because of the skewing of the image was not fixed at the deskewing process. Failing in detecting the baseline accurately would cause failing in characters segmentation, as the characters get linked together, as shown in Fig. 21 , this is a wrong recognized word due to wrong detection of baseline.
Figure 21: Baseline detection problem
Another reason of linking characters is the Arabic character ‫ع'‬ ' when it appears as the first character of the word, in some cases it sticks with the following character because of the very small space between them as can be seen in Fig. 22 , so, the baseline detection process can't separate them accurately.
Figure 22: Stuck characters problem
2) Over and Under Segmentation problem: In character segmentation process, when words have different sizes rather than the default size in a certain field, this leads to wrong segmentation for some characters like the Arabic character ‫'س'‬ for example. Over-segmentation occurs when single character is segmented to more than one segment, and undersegmentation occurs when more than one character are considered as one character, Fig. 23 illustrates the two cases.
Figure 23: Over and under segmentation
3) Over Erosion: As previously mentioned that for the same field of information, e.g. job field, the words could differ in size for different ID cards, and as the erosion process is fixed for all words in the same field, over-erosion could happen to the smaller size words, it results in errors in the recognition process. One of the common problems caused by over-erosion is errors occurred in the word which has the Arabic character '‫/ء‬hamza', over-erosion is affecting this character as the eroded 'hamza' is recognized by the system to be a dot. Such problem represents a word has over eroded 'hamza', the system recognized it as another Arabic character '‫/ﻧـ‬noon' in the recognition process. Fig. 24 shows an over erosion example.
Figure 24: Over erosion example

4) Environment Effect on the System Accuracy:
It's mentioned before that taking pictures for the ID cards in different environmental conditions affects the system accuracy, as the image of the ID card in a certain environment could be clearer than another image for the same ID card in different environment, and it should be considered that the testing ID cards' pictures are taken in different environments to test the capability of the system to deal with different circumstances, and it's shown that the more clearer picture with homogeneous light distribution the more accuracy is obtained. Fig. 25 shows the response of the system to two pictures for the same ID card but in different environmental conditions.
Figure 25: Same ID card in two environmental conditions
C. Suggested Correction
As we represented the problem of wrong location of husband name information in most ID cards of females which don't have expiry date information field, a correction for this problem is suggested that depends on linking the information fields with each other, by taking the advantage that the functions of gender, religion and marital status are perfectly recognized in all tested ID cards because they are depending on correlation method of recognition. So, if the system detected that the ID card is for a married female, so the husband name should be found, and if it's not found the system checks the output of expiry date field recognition function. If the output is not logical enough, the system refuses this output and sends the information of expiry date field to the function of husband name recognition. Fig. 26 shows the output of an ID card that has this problem before and after the correction.
Figure 26: Correction effect
This algorithm solved 4 errors out of the 14 errors in the segmentation phase, and to ease following-up the algorithm, we'll write it in steps. Run the functions of gender and marital status recognition. If the card is for married female, check the husband name. If there is no information in husband name field, run the function of expiry date recognition directly. If the output of expiry date function is not logical enough, refuse this output and send the information in expiry date field to the function of husband name recognition. If the output is logical, accept this output as expiry date and inform that system didn't find husband name.
D. Final Results
The correction enhances the accuracy of segmentation phase, as it solves most of the wrong location cases of husband name, the final results of testing 30 ID cards are shown in Table IV . 
CONCLUSIONS AND FUTURE WORK
To summarize, the proposed Arabic OCR system is used to extract data from the image of Egyptian ID cards and then it recognizes this data and translates it into computer textual format. This system could be used in creating database for a lot of ID cards easily and fast or in verification between data of ID card and previously saved database. The evaluation of the presented system is excellent in data segmentation and in numbers recognition and it is very good in recognizing characters due to the challenges facing the system in this phase.
As was discussed before, the proposed system is very helpful for business checking and saving personal ID's information. Also, it saves valuable time needed to type these data manually and also gives a very good recognition accuracy, which makes the system reliable enough to be applicable in governmental authorities or even companies. There are many applications that could need to use this system, like election system, Wallet services, Banking card, security services …etc.
The proposed system solution could be enhanced in several ways, the first way is to make better design for the process of taking shots by camera to provide the system with fixed source of light and with fixed intensity in any environment, or by using a scanner provided by motor to satisfy fast processes. This way of development will end most of the common problems facing our system which are changing source of light and intensity of light on all parts of the ID card. The second way is to test new methods of character segmentation with, or even without, our method which is depending on baseline detection, like using HMM in character segmentation or any other methods, in order to achieve higher accuracies of character recognition.
The third way of development is to develop the system to be used for other purposes and be more generalized in the field of recognizing documents which have fixed locations of information, like ID cards, license cards and passports, which will make the system suitable for a lot of governmental institutions and authorities.
The fourth way of development is to make the system deal with any printed documents with non-fixed information locations and different font sizes and types, like business cards and OCR systems for books and papers. The difficulty of this development is the existence of many font types which should be considered in the training phase, so the training phase will be very complex. Then as an extra development, making android application that allows the businessman to take shots with his mobile camera for any business card, and the system extracts data and saves it in the database in the mobile and when the mobile connects with the personal computer of the businessman, he can export and import data to and from the database.
Finally, the fifth way of development is to develop the system to deal with handwritten documents, and this development needs a huge training set to train the system to recognize handwritten sentences, and this system could be used with forms in any business company or governmental authority.
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